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nite tee feniastens tamenant Os isabker (1045 


11. To avoia. Fepetitions ‘the telloving | basic aynbol desi quations are here~ 
| with presenteds | 


a (m/sec) e veleoity of sound 
a(kg)  § «—-fting force | 
; (u/ace). : exhaust welecity of combustion gases. 
o. (1) - lige coefficient | | | 
0. (1). | resistance coefficient — 
a(n)’ ss maximum diameter of the rocket | 
e (a): -_ distance fren the starting point. on the earth surface. 
- e; (a) te distance of the. pressure point’ “(point ef application | 
coe ee of the listing: feree) from the nese of the rocket 
7 6 (m) oe distance ef the rutier-procenincsonter from the nese 
on . eof the recket | / | | - 
o5 (a) | a che socket’ ee pressure: peas tron thn m nose Or 
Y (a) | | maxinus. orees-seetion of the rocket 4 
?y (n* ) ond oress-seotion ef the laval nessie 7 
€ (w/ae? | asooleration ef gravity 7 
G (kg) y weight of the rocket 
h(a) altitude above the earth's surface | - 
4 (a) ae ee lengin of the reoket | 
ae u (ke veel) mass. of ‘the rooket | 
ot Me (1) _* | Mach number — 
ns (1) | lead facter ideal 
p (xg /a®) | atnespheric pressure 
Pp (kg/radien) jot cress ferce per radian ef the rudder deflection 
a (xg/n*) 4ynanio pressure 


r (a) distance ef a trajectory point from the launching 
eae point, sonetines also fron the dean etation. 


| oon 


& 
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RB (m) 
e (m) 


8 (kg) 

t (sec) 

t (°x) 

v (m/sec) 
W (kg) 

x (m) 


y (a) 
a (m) 
06 (degrees) 


‘9 (degrees) 


Y (degrees) 
af (degrees) 


A (2) 
C (ke seo" /n*) 
e (degrees) 
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earth radius 


distance of the center of gravity from the nose af the 
rocket | 


thrust 

time 
temperature 
velocity 

air resistance 


horizental distance in the tangential plane, through 
the launching point 


height over the tangential plane through starting point 
third ceordinate vertically through x and y 


angle of incidence between path tangent and the lengi- 
tudinal axis of the rocket 


inclination angle ef the flight path between x axis 
and path tangent 


rudder angle 


angle between x axis and longitudinal axis of the 
rocket 


mase ratio 

air density 

angle between vectors, center of the earth - launching 
point and center of the earth - path point of the 


recket (Netes in general equations the angles are 
taken in oircular measure). 
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(12. ‘The plane powered trajectory: 


a. 


Trajectory - 
Tangent = 









X Direction 


Angle of attack. positive when 
- he rocket axis is above the 
, ( | : 
- ajectory Tangent Wrdey 





Figure #41 


od 


Center of Pressure 
Center of Pressure 
Center of Gravik, 


| 


Jet Rudder .. | 
Ceuter of Pressure 


Air Rudder 


a 


& 


oe a - Figure #2 


Meaning of the subseripts : 


On Value at the start (tse) or onthe ground (ho) 
eos Value ina vacuum, 
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For the baliistic calculations the motion equations were formulated 


as followss 


_ & Force equation (in flight cath direction) : 
po mbes S-W-mg sin ¥ 


b. Force equation (perpendioular to path direction): 


my ¥ = SAt GF Sree rgh Re Py mg Coa 


c. Moments equations 


(e,- s)qF f+ (e,- s)qF S09 + (es-8) Pn = Oo 


In the first equation appears ee whereby the component S cos 
ie substituted by 8, air resistance, and the weight component. 


The thrust is composed of the thrust on the earth surface 8 _, the 
thrust increase with altitude Rfp(i- Pp, ) , and,if there are jet 
rudders, the thrustloss through the jet rudders 4 S >» For AS 

@ constant medium ‘value was fixed independent of the rudder deflection. 


robably by means of data from Peenemuende. AS yee of the order 


ie WOLFF and Dr. ALBRING hat established the mean value to use, 
if 12- 15% of 6, for maximum rudder deflection of 25 


For the thrust the equation iss $2SerPh (\- %,)-AS, 
or also emphasising the thrust in a vacuum (B co) | 
Se Sce~pefio-p,-A8. 

The mass m ie « linear function of the times Ms Wetht : 
whereby fis negative, & was generally calculated as constant. In 
several A-4 calculations a variable weight rate of flow for the first 
four seconds was calculated until the full thrust was achieved. 
Ground thrust and thrust in a vacuum were formulated as follows: 

Ss om ana a = (h/Ce 


oe and Goo were hereby exhaust speed of the gases on the ground and 
Ba Vacuums, respectively. Accordingly, altitude Variable exhaust 


«speed (0) was intreduced by the relation Seih/c. 


The air resistance has ‘the form Wag Fey with @ 2 ye ee e 


The resistance facter o, was given as a function of the Mach | 


EUG the altitude h and for antiairoraft rockets of 
the angle of indi ‘ detioe 06 3 for guided missiles the function of the 
angie of incidence wae generally neglected for Egt. (1) only. 


! . BBCRB? 
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For the rune tions VES $5) ase function of the altitude (h), 


a table existed, which used as basic data the values of the German 
artillery (normal atmosphere). For higher altitudes a temperature 


curve was taken, which Prof. SEELIGER (Greifswald) stated in a raport 


which he wrote in 1945 for the Zentralwerke Bleicherode. The table 
covered an altitude up te 80 kilometers. Furthermore the table | 
containgd the curve of g as a function of the altitude (g¢ = 9.810 
met/sec’). _ | i } o : 
(Since about 1950 andther table of the atmosphere was used, in which 
data on the ground values is given by Schapiro, a temperature ourve 
in low altitudes is taken from Russian literature (Schapiro), and 
for high altitudes a curve derived from foreign experimental results 
( were used. The literature was available in the branch 
library. The researcher for this table of the atmosphere was Dr.. 
SCHLIER. the new table covered up to 100 kilometers 
altitude. One of the reasons for making up a new table was that in 














the old table P/p, and? were given to three valid places. This 


resulted in some cages by integrating in an irregular course of the 
differences. The new table was calculated for four valid places.) 


in the seoond equation appears the thrust cemponent, in which Sino 
is replaced by x , the lift, the rudder forces and the weight com- 
ponent. In the lift coefficient 9So”, as a function of the Mach 


number and eventually of the altitude, oCa/sy as ea funotion of 


in such a form that 


the Mach number was feet These values were given by aerodynamics 


cross force was applied in form P77 with constant P. 


In the moments equation, cerresponding tc the values in the second 


force equation, the factors 4 F Silene GF , “and 


en 
- if present | PY = were taken into oenstdevattou: The distances 
of the points of application of these forces from the center of | 
gravity are €.-$ , GCa-$ , and Ox -S respectively. The 
ourve of (s) a funotion of time (+), or of the rocket mass was de- 
termined by the design seotien; the aerodynamics section supplied 
the curve of ©, as a function of the Mach number; @2 and ©3 are 
constant; ©, was in general slightly larger than the length ( 2 ) 
of the recket. The data for center of gravity and pressure center 
‘ourve were as usual without dimensions in the fors Z, o , eC, 


Yor the ballistic caloulations in every instance moment balance was 


assumed, so that the right side of the equation (3) was equal to zero. 


Therefore it was not necessary for ballistics to know the moment of 
inertia around the transverge axis of the rooket; in first place tha 
complicating factora and 74 in the mathematical treatment of the 
equation system were eliminated (P= angle between rocket axis and 
horizontal plane). ee 


For ballistic investigations no further factors were considered. The 


consideration of further moments and the process of stability exanina- 
tions were the task of the guidance section (Dr. HOCH). 

| SECRET < 
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he largest cross-section of the rocket wes always __ 
taken as the datum plane. If. the rocket had jet rudders, the resulting | 


25X11 


25X11 
29X1 


Sanitized Copy Approved for Release 2010/05/13 : CIA-RDP80-008104002000070003-9 

















ee eo 27 25X1 
SECRET | 
28. Seip his "Zahnnedel1* ‘for the study ef the secend ferce equation 
eo @ moments equation. and i 
i stability: nation. ‘Gf the side | 5X4 








29- In the above formulation. the saukiies. 2 and 3 represent line ar | 
- equations — 
i. the angles of incidence end the rudder angle : ; : oe ie 


30. Equation (3) has the results 


(4) Ye-Kee | | 
with | | oe a | - : | 
aoe xe es Fea - k= (eee 

CaS) Fey + (Ey sp ad asca 

Ch, ace : ae | 

rs Ya? Cx Ke 


31. the second torn of the @ vation (5) arises, f > et Mer: ye 
included (P = 0). eee 3) eae rae » af ne Je rudders are 


52: Poon te aguuttons (2 andd) noseite 
(6) C8 mM (V Xp Cok: ): 





with 23 | 
(7) N= S+qFe,- (¥ Pepe P)K or N 5's ryFes oe 


33. The second form of the ‘equation (7). 40 again for P= 0. | 


54 the equations (1 
seordiaa te ons (1) te (3) a ‘the a for the ies, 


(8) ke Y Goa ye eee, ee yo a Me 


‘ fe 7s Ot ey bp 3 1 tog t re 
; Vi oy Bs eS PESTLE SE a Peg eo 


29. + onal distances. fron. a; Leunohts point: y oan. be aio aae: aitdtudes 
th) over the earth surface; At great ax distances the difference between 
hand Y has to be _seneh Gogee 


(10) he w+ oh — 


; 
a es 2 
% * vad as - a ve meant s- 


te - 


O = starting 7 (sere point 
_ ef the x, v coordinate | 
| ayaten: | 


- Mm center of the earth | 


Pe trajectory point with 
eee xX. oY 


Al, ‘.@ it " 
Rs . eshte: of ‘the earth am 
a5, y _ 6370 kilometers — 
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From (Reh)* = (Rey)™4 x® 
and (10) disregarding (anys 
| (Rey) * + ene 2 (Reve x> 


er . alr) = aa 5 (I - ¥) - 


For vasaced flight: path the vprosination (11') Aine x> 
is generally eufficient. | eta | 2, 


a (11) bhe= 


‘Por ah as a function’ of. x or of x and 7 tables were establis hed. 


In connection with the curvature of the earth, which dciberal ane the 
difference between h and a> it must be said, that gravity for greater 
‘distance from the zere point of the. coordinates system has a notice- 
able x-component. When in the: ‘aketoh Figure No. 53 the angle at P, 
which is equal to the angle OMP, is designated rv @ , the gravity 


component iss  qxe-g sin © en 4 arn a < 
| aur peteeg 


The consideration of g. was done, if at all, necessary, by a separate 
disturbance caloulatio€. This was not done for the Wasserfall, but 

was considered for R-10, R-12, R=-14 and Y~2. Unknown factors in the 
equation (1) ares velocity vy, altitude h, which appears in 8, W and ey 
and the inclination angle of flight path %°_.. Through altitude 
equation (1) 18 coupled with. equation (9), and - in case the difference 
between h and y has to be considered = also with equation (8), so that 
these differential equations must be integrated simultaneously. 


The whole equation system has one more unknown factor than the number 
of equations. This gives the liberty to assume one condition. 


& 


The possibilities are the followings . 
ke The dnolination angle: of flight path ve is presoribed, 
be The angle of inoddence 0d is ee 


/ @ In antiaircraft reoketss the altitude angle [ , under which ths 
rocket appears from the starting point, is presoribed. In this 
case also the cennection between r and the other values is 
needed. : 


ie presoribed, or fixed for other reasons, then equations (ay, 
ts), (9), (11) represent feur equations for the four unknown factors 


Wy X%, ¥, AN. ‘The first three equations cf the above group a:a 
"ordinary eore ex entiae equations of first order. 


SECRET 


Sanitized Copy Approved for Release 2010/05/13 : CIA-RDP80-00810A002000070003-9 


Sanitized Copy Approved for Release 2010/05/13 : CIA-RDP80-00810A002000070003-9 


P 





» SBCREI _ 25x11 
ai Oe s 















. the firet force equation and the equations for the trajectory coordinates 
a with tha: bbarting oendldieuc x20, y= 0 forto were integrated an the 
‘'* Ballistics Bection by Dr. WOLFF using the Bessel method. The reason 
was the follewings in Bleicherode Dr. SCHLIER had worked with oo 
s¥aten and the calculation persontiel had learned it, pee 
already used it in Peenenuende. Therefore, the use of this system 
was continued in Ostashkow and thé old personnel were not forced to 
learn a new method. | | | 


) one using the 
45. -In the working group of Prer.KLOSE integration was done us 
oe method of inde Btaccunt, probably because KLOSE was familiar with 
this method from experience in Germany. 


46. The Soviet assistants who were assigned to us in Ostashkev (females 
with high school education) had no knowledge of the integration _ 7 
differential equationsyand were taught the Bessel methed by us. They: 

proved to be good calculaters. Once, two computers came as help fren 

‘Moscow. They used the Adams-Stoermer system and told us that this 


syeten was always used. |  25X1 














. The i ration of the equations (1), (8), (9) was done in general — 

a“ oii theta lacval at so nec. ; 2) te) trajectories were not in- | 
mediately calculated with full thrust, but with increase of the thrust 
up to full thrust, then A% = 0.5 sec was selected in the firs t four 
te six seconds as an integration interval, But generally calcula- 
tions were done with full ‘thrust from the start. | 

fa . 7 . 
‘ celeration + was calculated te a hundredth of n/sec, velocity v to 

2 a tenth ef m/sec, coordinates were oaloulated te the nearest meter. 
Later the mass retie wancoften selected as an independent vartable 
instead of the time +. oe has several ‘small advantages for the 
numerical caloulations.2/ i~ o 


m4 s Mhawel. 4 . ‘ ta Ae ay, 946) -- vein Conoerned with 
Wassertaii” MassTio. , “ | wr 


‘AD 
Aue 


: 
i 












we ee | 25x11 
Among the members of the group were a number 

4 already worked during the war with Prof. 

vELOSE in Ramee Te ere crate a Dipl. Phys. STANGE and « Dipl. Chén. 

‘KLUGE, Several technical calculators and draftsuen served 48 a66i5~ 

tants; there was also one stenotypist. The Soviet supervisors of the 

section weres (Col. POKROWSKI and his deputy Lt. Col. SORKIN. 25X1 
POXHOWSKI was a delonel-engineer, but had no specialiued. 5X4 
knewledge of mathematics or ballistics. SORKIN on the other hand was 
trained in ballietios, and had alse ccoupied himself with rocket 
problems. | he worked at that time on questions ef o5X 4 
the mechanios and dynanics.ef bedies. with variable mass. Except for 

these are no ether Soviets had contact with the section led by Prof. 


KLOSE.. 1. 5X4 





of younger persons whe. 
























































= a . + 
‘2 ’ 1 4 : 4 7, 
e.3 va ’ Pane Mey acy : : : oo , 14 ‘ fe : : 5 
; ‘ : fay * = i i ' ¢ 
4 ' oat wt: LF 7 . : i 
4 : : 
«+f ( e : : : o Mick : tah Sh 
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ml 


the task for the KLOSE group wae the re-designing of the devel opment 








of the AA-rocket “Wasserfall". The work was mainly 3n calculations. 
the KLOSE group had been working on this 








task for several menths. he reference data available to the KLOSE 
| group Was very scarce. ‘Several design drawings of the whole rocket 


were available,. but they contradicted each other in detail. KLOSE 
intended to attend to the ballistic problems himself, STANGE to the 








aerodynamic questions, and KLUGE te the thermodynauic problems. 

















no reports had yet been prepared by the 





KLOSE group. Especially unclear at that time was the problem of the 
guidance of the missile. Only several weeks after my arrival did 


_ SORKIN appear with an equation, which was given the designations 


"differential equatien of the ground calculating machine of the 
rocket ‘Wasserfall'" - the applicable figure is shewn below. — 


oe “R = rocket | 


as WarGet. 





c = angle of elevation, at white. the rocket appears. from the ground . 
eenten re seunnayencine paces for the target eagle 


: Piguze 1 


The equation was a differential qqueiten ‘ef second cies for ro which | 
connects. [' with  (g. The exact form ef the equation is no longer 


known to me. The elbowing yelues appeared | ‘a. gene eure neeny 


B, r fy 8 function of fs FE “and, a -tunetion oft, The function 


of - Fi hed the tom, when te Tee @ gs : ¥)* | pe 


or sintler, vith. Q, by Ge ‘This was ate) wien 4 
was not toe great 
constant equal 3. the funotion 0 


£(t)° afees) | oo 

















The differential equation of the. calonleting unit should be valid from 


t+ = 6 sec on. Until this moment the rocket flew vertically upwards. 


At t = 6 sec, the change from the vertical flight began. The angle of 
elevation [" of the recket ceuld be determined from the differential 


equation of the caloulating unit... Heretofore, only the knowledge of 


the angle of elevation of the target was necessary. The differential 


equation was. of @ ‘nature ,. that & approached sero with increasing t, 
d.e., the deflecting. are changed over into the target seeking path »d: 
whioh ground station, rocket, and target lay in one line ( ['+ 


4s soon. aa the a, ‘betwen [" and o wae less then a. 5°,. Lt. 


awa 
La 
Ye snoan? 
1, vis, : ay 
ude : 
1 3 \ 
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| should be calculated until the peek of the rocket on the. 
the targe t-seeking peteg eee ; 
5 ee rae S 
53, Thus, the flight path of the rocket consisted of three parts: (1) 
a vertical ascent in the first - gix seconds after the launching; (2) 
the arc of deflection determi by the calculating unit; and (3) the. 
target seeking path. When th ‘target approach lay in a. vertical Zlsbe 
through the launching point, tien the differential equation of *t bal- 
culating unit is sufficient for determining the movement of the rocket. 
In any other movement of the target, further data is needed; for example, 
the side angle G@ against a fixed direction in the horizontal plane, — 
perhaps the x - direction. No information at all could be gained in © : 
this respect, neither at Gema in Berlin, nor later in the USSR. ea 


sao 


the calculating unit were not asked about this by KLOSE. SORKIN, ae 
~~ 2 us the differential equation, could not say anything more. 
not told about the make-up or the operation of the calculating 
un us, one of the; most important questions, namely under what 
command the rocket should fly in space, remained unsolved. Conse- 


quently, worked in Berlin enly with plane trajectories of the 
rocket "Wasserfall”. 

















54. But several weeks rr before trajectory investigations for "Wasser- 
fall" could start at all. began only in the second 
half of September 1946 with a trajectory calculation. Until then , 
even preliminary data on “weights, thrust, weight rate of pee gas 
exhaust velooity, eto., were nissing. 














55. During the first’ part se work.at Gema, weights and ventas of gravity 
location were caloulated from o1d4 designs. STANGE ocoupied himself 
with the theeretical detertination of resistance and lift factors 
and the shift of center of preqsure. KLUGE made theoretical examina- 
tions of the exhaust velocity of the combustion gases and of the thrust. 











56. In the ballistic field, several general examinations were started at 
this time. Several target tracking procedures for antiaircraft 
rookets were examineds 


ae The target seeking method. The rooket is guided from a ground 
| station in sych a way, that ground station 0, rocket R and 
target 2 are always on one line (see Figure No. 5). 


wg z i » ae 
Je os ae ne 8 ‘ ge OS woo a As ‘ : ‘eet 4 
: : yoo: ' AS 

#, # ‘ : = : : & nee arf t : se oF : ® ged 

7 : 7 . 5 a ey ; “ - 7 £ 
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eo = : 





29X1 















- | 3 Figere | 
-. be Generalisation. The rocket is guided from the ground station in 
| _eeoh away that the angle between ground station, rocket, and 

- Sarget has a fixed value x | (see Figure #6). 





Figure #6 


Go ‘The rocket. hes ea searcher head, and flew in such a. way 
thts "ihe. longi tudine) azie elvays eins at the target. In mathe- 
deal caleulations. the condition was also accepted. that the 
tra jeotery tangent waye pointes at the target (see ee #7). 


: 





Figure #7 


a Dog curve 10 gle of lead. ‘The rocket flies in such @ way 
thet 4te Lox ee azis (or the trajectory tangent) always | 


forms a pres (angle of lead) with the connecting 
line from eee . “Street er Mere). . 


ad 





he RR de 
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_ 0 | a 
. 37+ For x = 180°, case b., above, becomes 4-5 for x = 09 case d. becomes c 


In these tagke the equations for the traject “Wlations ‘wera 
_ . formulated, and Secondly the transverse oe 
f each procedure were examined, PReatang 


58. Prof. KLOSE made stability examinations = oe 
| r the first t of . 
vertioal ascent after the start and used thus sieeaay gee ae 
data for the "Wasserfall". _ 




















Date for “Wasserfal)" 
59. | 


0. ‘The starting weight was about 3.8 tons, the thrust on the ground 8 
to 8.5 tons, the burning period 46 seconds. The jet rudders were 
dropped off in the seventeenth or nineteenth second. 














» ‘The o. values in the subsonic region (Ma < 0.8) 
. : fora = 0 were ap-~ 
proximately o_ = 0.250, the maximum of o (under Ma < 1.1 to 1.2 
was 0.8 or mote, . | 





First the motion of the target is given. In the most si 
, : é' ° | mple case the 
airoraft flies in a vertical plane through the launching point of the 
rooket (x,y - plane), in constant altitude E with constant velocity V 
a direction of the negative x = axis (abscissa of the target 
a 


(x, H) 





X 


63. Then the cotangent of the angle of elevation is & linear function of 


is f 


the times 


Got he 7.” 1. at 
TeX sin Py 
rs 25 . sinf, cos Fy 
© 2 vy cot 


sHORDT 
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64. Therefore Seana the time derivatives are known, and it is possible %o 
Calculate the angle of elevation [ of the rocket and its derivatives 
from the differential equation of the caleulating unit (or from[” + 
if the rocket flies with the target-seeking methoale The starting 
conditions are [2 40°, ["zo for t= 6 sec. [, ft ft can therefore 
be regarded as given. For the treatment of the motion equations (1), 
ete. it is evident to use polar coordinates 3 - 


(12) X= Cost 
) (43) Yersinwf | 

Differentiation results: 

(144) k= Feosl-r psi, P 

(15) YersiParl cos 

It follows: 

(16) Ve %4 7% = Papa fp 

(17) vie tReep (rparP) a 
..» If the firet forge equation is multiplied with v, then there followss 

(28) mv =m (eR erf (Hf enfyy 

. SV-WV-MeV sint 


Ve oan hereby be expressed by (16) by the poler coordinates and their 
derivatives, The game hold for Vgin X* based on the equations (9) and 


9) Vein ve tsinferl cosf 


66. The right side of (18) also depends u | 
pon the altitude (because of 8 

W, g)- It ie possible to take ‘¢ for the altitude in co of AA rockets 
with little distances from the launching point, whiob oan be reduced by 
(13) toraend [ . There with (18) represents a differential equation 
of second order for r, and r da the Only unknown. ( is at the begin- 
ning of the osloulation different from Sero, since the starting valves 

, are the values Zor t = 6 seo in the vertioal ascent, 


67. By oaloulating vr through integration of (186), v de Lt 
also given through 
(16 and y through (ish The absoisse x 49 found through (12) and the 
Tajectory angle of inelination K* oan finally be determined through (19). 


68. Appropriate formulas for oxloulation of the tr 
ajecto 
clination X” can also be found in another waye nen eee 


tana YK or xSinP Yeo eo 


Differentiation results in 


K SH en) Copp 4 cose yD SinP EO 
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By consideration of (8), (9), (12), and (23) fellows: | 
. oe ; = anes, 208 
V (cos w"sin Pp sin X* Cos P+ hye (cos fr Sin r) =O | 


or (20) VSin(&-P)erp | 


Correspondingly follows from cos +¢ sin pR=cr 
through differentiation | 


(21) vy cos(¥-Pyet 


From (20) and (21) follows by division 
@) tan (er )e 


69, Each of the formulas (19), (20), (21), (22) can be used for the cal-- — 
culation of XY . In the second force equation appears the derivative 
, which is found through differentiation of one of the formulas 
(19) to (22); for example from the formula (20): 


Vv sin (t=) ev(t-fcos(e-") = rh er h 
or on account of (20) and (21): 
rree-ePpetpert 
that is | . : 
(23) vee (ave) f+ FP 
Thie is an exact formula for the transverse acceleration. 


70. Angle of incidence and rudder angle are to be caloulated by the equations 
(4) to (7). ~ . 





- | ax 
71. When approximate preliminary data for weight, thrust and resistance coeffi- 
cients were known, several vertical ascents were calculated, based on 
different values for starting weight and starting thrust. 


72. Furthermore, linear inclined trajectories with starting values for % = 
6 sec were calculated. , | . 






diagonal 
tro |ecte ries 


73. Since lift coefficients were known and the function of the resistance co= 
efficients with the angle of attack and the rudder angle were determined, 
the influence of the o_ increase on the burning cut-off speedand the burn- 
ing cut-off location wie eeciy iano The dependence of the o, value on @G 
and # was formulated dle phigien wah 5X1 

Gw® Wot Of) a> rc 1 + Cy " : 
This equation had been used previously in Gema 








74, The idnorease of the O_ -value by considering the dependency onetand Y| was — 
very substantial, evel if, the beginning of the transverse trajectory wes neg- 
lected. The heginning of the transverse trajectory demands by comparison 
with normal trajectories with: slow deflection from the vertical ascent} very 
great angles of inoidence. 
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8o much greater, that the gain on cut-off velocity by the more fav- 
orable weight component Me Sin & » in comparieon to the vertical 
ascent, is lost again. This result was later confirmed by more ac- 
curate trajectory calculations in the USSR. 














In steep and also in level trajectories the cut-off velocity was about. 
800 m/sec or slightly more. The consideration of the strong: dependency 
of the co. value onc and 7 produced the result that the equations 

(4) ana (6) had to be solved Simultaneously with the equation (18). 


The differential equation of the caleulating wit was exani : 
determine when the deflection arc is sainietsd and the acai i 
proach begins. The result is that the point of time can be rather 
late in some approaches (2% 38 sec. ). The target approach path’ 
would in such a case only begin in rather ‘high altitude (© 8 to 
9 kilometers) and a target which flies at low altitude could not be 
attacked with the rocket "Wasserfall” for such an approach, 


25X1 


The result wass in transverse. trajectories the air resistance becomes © 


29X1 


in the second half of September 1946 a trajectory caloulation Was done 
tha radlanileating uantt an _ . 


by utilizing the differential equation of 
cording to the ahova daesarihad annati ane | 

















In the first half of October 1946 SORKIN asked Prof. KLOSE to make 





25x14 


reporte on the current research, This was done @aw these reporta 25x‘ 
egain in the spring of 1947 in Ostashkov,. They were compiled ia ecee 











volumes with the following titles: 


a. “Institute Berline Ballisticn of the Rocket Wasserfall, 
be Inetitute Berline sorodyuanios of the Rocket Hessertell, 
c+ Institute Berline Thermodynamics of the Rocket Vasserfall, 


The first volume contained Prof KLOBB's and xan vats 

, : 8, the 
second contained STANGE's examinations bras rae 
was the work of KLUGE. | | end also design data, the third 


On the 22nd of Ootober Prof, Oia to the USSR. The 
remainder of the co-workers of XLOSH's group remained in Germany and 
were, shortly after departure, given notics at Gena. STANGE, and 
perhaps a few others, were then still working for a short time olosing 
the office. Neither STANGE nor KLUGE went to the USSR. 
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